of naturally occurring antibiotics containing quinones fused to a pyrano-y-lactone m~i e t y .~-~ Clinical testing has shown kalafungin to be inhibitory in vitro against a variety of pathogenic fungi, yeasts, protozoa, and gram-positive and gramnegative bacteria.7 To date, no synthetic approaches to this interesting class of natural products have appeared. We have embarked upon a program directed towarp the construction of this ring system and wish to report herein a short, efficient total synthesis of 9-deoxykalafungin (lb), a close analogue of the natural product.
Results and Discussion
Retrosynthetic analysis of Ib based on work previously accomplished in this laboratorys indicated that the most efficient means of assembling the carbon framework would involve Michael addition of butenolide anion 6 to readily available 2-acetyl-l,4-1iaphthoquinone (5). 9 0 0 HO n 5 0 Unfortunately, addition of 5 to a solution of anion 6 generated via the deprotonation of AN,@-butenolide by a complex of lithium diisopropylamide and hexamethylphosphoramide led only to intractable materials.
Having found success with 2-alkoxyfurans as butenolide anion equivalents,10 we then turned to 2-tert -butoxyfuran (7a) and 2-(tert-butyldimethylsiloxy)furan (7b) as possible synthons (Scheme I).lLa,h Addition of alkoxyfurans 7a or 7b 0022-3263/78/1943-4923$01.00/0
Ot-Bu 10 to a 0 "C toluene solution of 5 led to instantaneous formation of Michael adduct 8,12J3 which was readily tautomerized to hydroquinone 9.14 The reaction was best run by the addition of 7 to a solution of 5 a t -78 "C and allowing the solution to warm slowly to ambient temperature. Under these conditions, 8 was the sole product by NMR and TLC.
Although 8b could not be methylated with potassium carbonate and dimethyl sulfate without loss of the silyl-protecting group, 8a was readily methylated after 8 h in boiling acetone to give 10 in an overall yield of 62% from 5. In practice, 8 and 9 were not isolated and the transformation of 5 into 10 was conducted without purification of intermediates.
To define the generality of this reaction, we attempted the addition of 7 to unactivated quinones. Under no conditions, including Lewis acid catalysis, could 7 be induced to react with 1,4-napthoquinone, juglone, or benzoquinone.
Compound 10 already possesses the carbon skeleton of the target molecule. Transformations to unmask the butenolide and to adjust the oxidation states a t carbons 1,5, and 10 are illustrated in Scheme 11.
Lithium aluminum hydride reduction of 10 afforded 11 in >95% yield. Attempts to deprotect 11 with trimethylsilyl iodidel5 yielded no recognizable products, but treatment of 11 with 1 equiv of trifluoroacetic acid in methylene chloride gave a mixture of A~sT-unsaturated butenolide 12,16 readily identified by its characteristic infrared absorption at 1800 cm-1, and cyclized product 13 in moderate yield. Butenolide 12 could be isomerized to the &r,@-butenolide, which cyclized in situ Experimentally, 13 could be prepared in 32% overall yield from 10 without any purification of intermediates. Compound 13 is an inseparable mixture of C-1 epimers (approximately 2.7:l based on NMR). Although no control over the stereochemistry a t C-1 was possible in this approach, epimerization to the natural configuration has been reported in similar systems with a catalytic amount of anhydrous acid.
Oxidative demethylation employing Rapoport's procedure17 afforded l b as a mixture of epimers, the structures of which were completely consistent with all spectral data (IR, NMR, UV, combustion analysis), in 95% yield. 18 In summary, 9-deoxykalafungin has been synthesized in six steps from 2-acetyl-1,4-naphthoquinone in an overall yield of 17%, thus demonstrating the feasibility of our approach to the fused quinone pyrano-y-lactone antibiotics.
Further work toward the synthesis of the natural product and other related compounds is now in progress in these laboratories.
Experimental Section
General. Diethyl ether and T H F were distilled from lithium aluminum hydride. All organic extracts were dried over NazS04. Melting points were determined on a Fisher-Johns melting point apparatus and are uncorredted. Infrared spectra were determined on a Beckman IR-4250 spectrometer. Nuclear magnetic resonance spectra were determined on a Varian EM-360 instrument in CDC13 with absorptions recorded in ppm downfield from internal Me&. Ultraviolet spectra were recorded using a Cary Model 14 spectrometer. Highresolution mass spectra were recorded on an AEI MS-902 high-resoIution mass spectrometer. Elemental analyses were performed by Galbraith Laboratories, Inc. 
1,4-Dimethoxy-2-acetyl-3-(5-tert-butoxy-2-fury1)naphthalene (10)
.
